Spread of excitation in isolated canine bundle branches was examined by microelectrode technique in order to investigate the possibility of dissociated impulse transmission in normal Purkinje fibers. In all experiments, local excitation of the preparation evoked either by fine bipolar extracellular electrodes or an intracellular microelectrode proceeded much faster along the longitudinal axis of the fibers than along the transverse axis. As a result, the spread of excitation in the vicinity of stimulating site showed significantly inhomogeneous character. The inhomogeneity of excitation spread became more manifest with more eccentric location of the stimulating site in a given preparation. Larger preparation showed greater degree of inhomogeneity. Nevertheless, the inhomogeneous spread of excitation alone appeared unlikely to provide multiple pathways which were functionally dissociated with each other. When premature stimulation was applied, however, different conductivity among fibers within a single false tendon was observed, suggesting that each conducting element became more independent. with certainty whether those multiple pathways which are not completely independent with each other have any significance in excitation propagation under normal condition. In the present study, the process of excitation spread in Purkinje strand was studied in more detail to clarify further the possibility of the dissociated impulse conduction under physiological condition. Spread of excitation wave near the stimulating site: In order to obtain a detailed process of the excitation spread within a Purkinje strand, local stimulation was applied at an edge of the preparation and activation times were mapped at numerous points within the false tendon by sequential insertions of a microelectrode. In most of these experiments, right bundle branch in the apical region which formed a thin broad false tendon was selected as the preparation. These preparations enabled us to perform the microelectrode mapping more easily than in the usual cylindrical false tendons. A representative map of local activation times is shown in Fig. 3 . As indicated by isochronous lines running horizontally, the excitation front evoked by the eccentric stimulus expands rapidly toward the longitudinal direction and proceeds very slowly in the transverse direction. In addition, although the sequential activation is observed along the ipsilateral side to the stimulating site, the activation times on the contralateral side scatter within a roughly difinite ranges, independently of the longitudinal distance from the stimulating site. Thus, at an initial stage of excitation spread, the most part of the opposite side to the stimulating site is left unexcited. In consequence, excited and unexcited areas coexist on the same transverse line at a given longitudinal distance, resulting in inhomogeneous spead of excitation. Fig. 4 demonstrates a typical study in which activation times along 2 edges of the preparation were investigated. The arrival times along the ipsilateral side to the stimulation site were a function of a longitudinal distance from the stimulating site, showing progressive delay as the distance increased. At the contralateral side, however, the arrival times within 7.8mm from the stimulating site show grossly constant values between 6.2msec and 7.2msec similarly to the excitation sequence in Fig. 3 . This implies that the inhomogeneous spread of excitation similar to that in Fig. 3 still existed in this preparation up to the distance 7.8mm away from the stimulating site. From this point distally, the wave front perpendicular to the longitudinal axis was achieved.
METHODS
Relationship between the degree of inhomogeneity and diameter of the false tendon : Since slow impulse transmission in the tranverse direction seems to be the major determinant of the inhomogeneity of excitation spread, false tendons having larger diameter would be expected to show greater degrees of inhomogeneity and also their longitudinal distance within which the excitation Jap. Heart J. J uly, 1979 Fig. 4 . Representative data exhibiting difference in activation times between ipsilateral and contralateral sides to the stimulating site. Extracellular stimulating electrodes were located eccentrically at one side of the false tendon. Upper series of intracellular action potentials were recorded from conducting fibers of ipsilateral side to the stimulating site (A-1 to A-5 in the middle drawing) and lower series of action potentials were obtained from contralateral side (B-1 to B-5). Activation times are given beside upstroke of action potential.
spread shows inhomogeneous charactor would be longer, because it will take more time for the impulse to conduct transversely in these preparations.
For this reason, the relationship between the extent of inhomogeneity and the diameter of the false tendon was examined. All 28 preparations were divided into 2 groups; one with diameter larger than 1.0mm and the other with smaller than that. At a given longitudinal distance from the stimulating site, the difference in activation times between 2 points, one on the ipsilateral and another on the contralateral side to the stimulation site, was taken as an index of inhomogeneity. The time differences measured at various longitudinal distances from the stimulating site are summarized in Fig.  5 . In both groups of the preparations, the degree of inhomogeneity represented by the difference in activation times between 2edges decreases as the longitudinal distance from the stimulating site increases. At the same longitudinal distance from the stimulating site, however, the time difference is always greater in the larger diameter group.
The effect of changing the stimulating site on the excitation spread:
The above-mentioned inhomogeneity was greatly affected by changing the stimulation site. Fig. 6 shows one of the results obtained in such experiments using a bifurcated false tendon.
In this type of preparations, the difference in activation times between 2 branches (A and B in the diagram) was taken as the index of the inhomogeneity of excitation spread.
Keeping a pair of recording microelectrodes fixed in each bifurcated branch, intracellular stimulations were performed at various points within the preparation. Earlier activation at site A than at site B was observed when the stimulating electrode was placed at the ipsilateral side to recording site A (stimulating sites 1 and 2 in Fig. 6 ). On the other hand, the difference in activation times between the 2 recording sites became minimal when the stimulation was made at site 3 which was located near the middle of the false tendon.
In addition, the disparity of activation was greater with the stimulation at site 2 than with the stimulation at site 1.
Excitation spread of premature impulses: During the relative refractory phase when each conducting cell is not fully responsive, the over-all excitation sequence in a Purkinje strand is expected to show some alterations.
This was tested by applying test stimuli of various degrees of prematurity and by measuring the associated change in the activation times in 2 or 3 points on the same transverse line of the false tendon. In all 12 experiments, different conductivity among fibers within a single false tendon was easily induced by the premature stimulation.
As the interval between basic and test stimuli was decreased, activation times in the conducting fibers showed various changes, leading to an increased inhomogeneity of excitation spread. The extent of inhomogeneity was parallel to the degree of prematurity in most instances. However, the observed changes in excitation sequence were not always stable even in the same preparation and abrupt changes in conduction sequence were not infrequently observed, particularly at critical prematurity.
The result shown in Fig. 7 is an example in which the order of activation in 2 conducting fibers within a single false tendon became reversed with progressive shortening of the coupling interval. During regular basic stimulation, the arrival time of the excitation at site A was 2.5 msec earlier than that obtained at site B. With premature stimulations at One pair of action potentials labeled 500msec are recorded during regular basic stimulation with a cycle length of 500msec. The remaining 4 pairs of action potentials represent premature responses. Numbers below indicate coupling intervals of the premature stimulation.
Horizontal bars represent 5msec for left as well as the upper 2 panels and 10msec for the lower 2 panels. a very small bundle of Purkinje fibers is multi-stranded bundle and the activation time of each strand differs considerably. Anderson et al2) reported that when they changed the depth of the impalement of a microelectrode at the same recording site within a single false tendon, a significant change in local activation time was observed. Similar disparity of the activation time among adjacent conducting fibers has also been reported in His bundle7),10) as well as in more distal conducting system.8),9) Our results demonstrate that the conduction velocity along transverse direction of Purkinje fibers was significantly slower than that along the longitudinal axis. This tendency is in accord with previous studies7),9) although the degree of delay of transverse conduction compared with longitudinal conduction is somewhat greater in our results. The delayed lateral spread of the impulse would probably have resulted either from sparsely distributed crossover connections3) or from substantially slow conduction through the pathways. The significant difference in conduction velocities between the 2 directions implies that the excitation wave could not distribute uniformly in the vicinity of a local activation site. The results of the mapping of activation times in a Purkinje strand shown in Fig.3 clearly indicate that this does occur under physiological conditions. Thus an excitation wave evoked locally within Purkinje strands would be expected to proceed rapidly along the longitudinal axis of conducting fibers, while conducting fibers located across the longitudinal axis are left unexcited, forming inhomogeneous spread of excitation in the vicinity of the ectopic focus. In the present study, it was found that the degree of inhomogeneity could be affected by a number of factors. First, in conducting tissue with larger diameter or width, the inhomogeneity of excitation spread became more prominent. Consequently longer longitudinal distance was needed to form a wave front perpendicular to the longitudinal axis of the fibers. Myerburg et al8) have reported that the longitudinal distance where non-uniform spread of excitation evoked by locally applied stimulus existed was longer in bundle branches than in false tendons. This may be accounted for by the fact that a bundle branch has a larger diameter than a false tendon. Secondly, the degree of inhomogeneity of excitation spread was affected by the location of stimulating site. The more eccentric was the stimulating site, the greater degree of inhomogeneity was observed. Thirdly, when the excitation was evoked prematurely, more pronounced inhomogeneity was produced, suggesting that during the premature excitation, conductivity across the longitudinal axis of conducting fibers became more variable and, probably, decreased.
In regard to the possible physiological significance of these results, the first 2 items mentioned above may be of importance in that, when an ectopic excitation occurs at the eccentric site within such conducting tissue as His bundle that has relatively large diameter, the excitation wave may not become homogeneous before it arrives at the bifurcation of both bundle branches. This will lead to different activation time of each bundle branch and, when the time disparity is large enough, may evoke an aberrant ventricular conduction. These phenomena may also be of importance in producing a bundle branch block pattern with abnormal electrical axis deviation. The previously reported finding that a focal lesion in distal His bundle produced a change in QRS complex11) seems to support these possibilities.
However, as indicated by recent experimental studies,9),10) it appears that under circumstances favoring normal conduction speed, the inhomogeneous conduction alone would hardly produce functionally independent pathways within the same conduction tissue, because this phenomenon can only contribute to the time disparity of the arrival of excitation among the conducting fibers; i.e. every conducting element or subunit could be excited within relatively short period of time by a single wave front, rendering no functionally independent, dissociated pathway to take place. The possibility must be considered, however, that with an ectopic excitation that occurs at critical prematurity, the conductivity along each conducting element may differ such that one element can barely transmit the coming impulse while the other is unable to do so. If, in addition to the different susceptibility to conduction block in each element, substantially low conductivity toward transverse direction is also affected, functional independence among the conducting elements will become more complete and true longitudinal dissociation might develop. The fact that abrupt changes in conduction sequence between 2 conducting elements developed at critical prematurity may indicate that the impulse transmission via some transverse connections was blocked under these circumstances. 
